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P a B P A C E
In receist years there has beew increasing awareness 
of the role and benefits of scientific fish farming in coastal 
waters for atigmenting fish productloa of India^ althoiigh a 
traditional practice of aq.uaculture has been prevailing in these 
waters for a long time* A comprehensive knowledge of the ecology 
of the different culttire systems forms an integral part of the 
scientific farming because it directly influences the rate of 
production* The growth and survival of the organisms meed for 
culture depend largely on the overall productivity of the pond, 
which in turn, is influenced by the various environmental 
characteristics of the water and the fertility of the pond soil. 
In short, the water and soil conditions to a great extent 
determine the success or failure of the culture operation. 
Further, the information on the various environmental chara­
cteristics of the pond water and soil, availability of essential 
elements and the rate of organic productivity, would not only 
help to adopt successful management principles and culture 
techniques but also to manipulate the ecosystem providing the 
necessary inputs for obtaining better production. Besides 
providing an overall picture of the productivity of the ponds, 
studies on soils furnish information on the inputs to enhance 
the fertility of soils and also help in selection of suitable 
sites for construction of farms.
1
In India It is estlBa'ted that between 1*4 to 2.0 million 
ha. of brackiehwater area is potentially*a^ilable for culture 
purpoees. A considerable extent of this water area is composed 
of derelict acid sulfate soils which,occur on both the coasts, 
particularly in Orissa, £erala, ICaniataka and Goa. In recent 
years, considerable attention is being given to bring these 
derelict acid sulfate soils under productive use of aqmculture. 
In this context it is essential to develop appropriate techniq;ue8 
for treatment of such soils to obtain as hi£^ a production as 
possible from it.
The nature and composition of soils have several vital 
roles in the production of fish from ponds. T^e soils store 
nutrients and release them into water and plays active role in 
the mineralization of orgemic bottom deposits. They are the 
source of variotis organic and inorganic compounds ii^ich enter 
the water after biochemical and chemical changes. The bottom 
soil provides food and shelter for the bottom dwelling organisms 
and also acts as a bed for the growth of algal flora \idiich forms
the food for many species of fish. Also, they form a substrate
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for bottom fauna that often constitutes an important so\2rce of 
food for the stocked population in the culture system* The 
bott(»a soil harbours both useful and harmful matters such as 
spores, seeds, eggs of aquatic animals, parasites, bacteria and
▼irueus. Pond eoils thus plays seyeral Important and dynamle 
roles in the food chain and production cycle in the pond eco­
systems where fish and shell fishes are cultivated.
Although a wealth of Information on the water character­
istics of various culture systems in the region around Cochin 
are available, our knowledge on the various types of soil, 
their fertility and chemical composition is scanty and incomplete 
In the context of the importance given to the development of 
maricultxare in our country, studies on soil characteristics of 
culture fields have assumed a significant position in ecological 
studies. From the information obtained from these Investi­
gations, measures can be taken to overcome deficiencies by ado­
pting methods like liming and fertilization. The rate of 
fertilizer or lime adopted based on soil tests would avoid 
wasteful and uneconomical use of them* These studies would also 
help the entrepreneurs in understanding the various pathways 
of nutrient cycles which are taking place in space and time so 
as to decide on the correct doze of application of fertilizers 
and lime to obtain optimum yield.
In the present work the chemical composition, the total 
phosphorous contents in the sediments and Its grain size distri­
bution from fifty stations located in the periphery of the 
Cochin Backwaters were collected and analysed In the pre-monsoon
iand monsoon periods* The rate of lime required for these 
sediments were also determined. The information collected, 
revealed interesting flucttiatlons of the parameters analysed* 
The data obtained on the fertility, soil composition as well 
as lime requirement will be h i^ ly  useful in planning manage­
ment strategies for intensifying bracklshwater aquaculture 
which envisages significant development in the coming years.
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6I H T E O D a C T I O N
It is well known that the overall productivity In the 
culture system la greatly Influenced by the nature o  ^ the 
substratum as well as the prevailing q.uality of the over^iz^ 
water. A perusal of literatisre reveals that relatively more 
data are available on water quality parameters than on pond 
soils. Since the physico-chemical composition of the soil 
plays a significant role In the nutrient distribution and 
related water quality, detailed information on pond soil 
characteristics are highly essential and s^^ifleant in the 
context of a successful cultisre practice. The same assumes 
more importance when techniques of fertilisation and liming 
are envisaged to increase the production.
Investigations on soil and their chsuracterlstlcs have 
been carried out from early times by many workers* Among them 
are Mortimer (1941» 1942, 1950); Meehean and M^zulli (1945); 
Stangenberg (1949); Povoledo (1964) and Danlelewski (1965).
The early works of Breest (1924); Trong (1950); Schaeperclaus 
(1933) and Burrows and Cordon (1936) are also important. 
Schuster (1949); Maciolek (1954); Chou et al. (1961); and 
Hlckllng ( 1962) carried out studies on the inter-relation of 
soil and water in aquaculture ponds.
7Importance of the nature and properties of bottom soils 
In braeklshwater aquaculture has been emphasized by Frey 
( 1947)5 Watts ( 1965a, 1965b); Tang and Chen (1967); Golterman 
( 1967) and Matlda (1967). Benthlc algae ^ Ic h  constitute the 
major fish food organisms In braeklshwater ponds, derive their 
nutriente either directly from the soil or from the soli water 
Interfewje (Mandal, I962) and hence the productivity in such 
ponds largely depends on the nutrient status of pond bottom 
soils (Plllay et a l ., I962). In stagnant fish culture ponds, 
the nutrients supplied from the pond soil is much more signi­
ficant when compared to nutrients brought In by the inflowing 
water (Hickling, 1962).
Mud plays an Important role In the generation of organic 
substances, pH regulation, oxygen balemce of water and acts as 
a reservoir of nutrients. The elements such as P, N, K, Na,
Ca, Si and Fe are stored in mud (fiolterman, I967). Of these 
nitrogen is the most widely studied one. Phosphorous, an 
equally Important element and one of the widely used fertilizer 
in fish ponds, released by weathering of rocks and by decay 
of terrigenous organic matter, is transported to various sites 
of deposition chiefly as complex soluble Ions. Compared to all 
other non-metalllc elements the geochemistry of phosphorous In 
the sedimentary cycle has been more thoroughly studied and 
much better understood (Naldu and Dora, 1967). The works
8ca3^1ed out by Haynes (1932) on the kinetics of pbosphorotiB 
exchange In lakes and Hartner ( 1968} on adsorption of phosphoroiis 
by leUce sedlaents are noteworthy. Other workers incltide 
Trong (I95O); S<Miere (1970); Williaais (1971); Syers et al. 
( 1973); Hart et (1976); Ergeb (1982) and Wolaver ^  al. 
(1983).
In India, £ao (1937) made prellmineury observations on 
the total phosphorous content of Inshore waters of Malabar 
coast, off Calicut. l!he works done by Kaidu and Dora (I967); 
Murty ( 1968); Banerjea and Gosh (1970) and Ramamurty ^  al.
( 1973) in the same field are noteworthy. Murty and Veerayya 
(I972) studied the total phosphorous in the sediments of the 
Vembanad LcUce, S, India. Ansarl and Eajagopal (1974) euad 
Sankaranarayanan and Panampunnayil (1979) also carried out 
studies on total phosphorous content of sediment in the Cochin 
Backwaters, Other workers in this field include Rajendran 
and Venxigopalan (1973) and Seeralathan and Seetharamaswamy 
(1979)-
Schaperclaus (I961) quotes in his review about the 
adsorption characteristics of potassium in mud. He mentions 
a study of Breest (1924) as the only source of this information. 
Edwards and Holley (19^3) studied the exchange of potassium 
between the interstitial waters and water overlying the mud
9deposits, Wiklander (1950) highlighted the exchange properties 
of potass ixBB and Wrobel (I967) has reviewed the exchajage of
potass ixmi between soil and water and its dependance on the 
carbon tiim-oTer cycle.
Calcium is generally present in the soil as carbonate. 
Gupta and Naik (1981) did work on calcixm along with other 
parameters in the Mandovi and Zuari tide dominated river systems 
They observed that calcitm along with magnesium appeared to 
take part in some biogeochemical cycles and behave as a 
semiconservative parameter. Other workers in this field 
include Banerjea (I967); Saha e% (1971); Setty and Rao
( 1972); Marching (1975); Eao (1978) and Mollah ^  (1979).
Regarding the jdiysical properties of pond soils, it is 
well known that ponds having clayey soils have higher pro­
duction rate of benthic algae than those with sandy bottoms.
The preference for different types of soil varies with the 
type of fish cultured as exemplified by the brackishwater fish 
ponds of Phillipines and Java (Prey, 194-7). He found that 
the greatest production of algae on i^ich the milkfish Chanos 
chan os grew, had predominantly clayey soil, while less pro­
duction was associated with those having sandy bottom. The 
clayey and silty soils have more nutrients adsorbed to them 
than sandy soils which have tendency to leach out the 
nutrients faster.
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Use of fertilizers le considered as the most economical 
way of Increasing production in fish ponds^ but fertilizer 
requirements vary widely with the region and constitution of 
the soil* Though considerable attempt has been niade In India 
to study the effect of fertilization in fish ponds, much work 
remains to be done on the rate and doze of fertilization and 
lime requirement of ponds with respect to the prevailing local 
conditions.
Lime is frequently applied to fish ponds to improve the 
water quality and as a response to inorganic fertilization of 
soft waters and acid muds (Mortimer, 1954; Hlckling, 1962;
Acre and Boyd, 1974). Till recently no procedure was available 
for estimating the liming rate. Lime requirement Is the 
amount of liming material needed to neutralize the acidity of 
bottom mxids and increeiee the total hardness and the total 
alkalinity to at least 20 mg/1 (Boyd, 1974). Therefore, liming 
is indicated if either the total hardness or the total 
alkalinity of the pond waters is below 20 mg/1*
The use of lime in pond fish ciilture has been advocated 
by fish culturists over a large part of the World. A greater 
use of lime has been made in Europe, then America and Asia. 
Hober (1 9 U , 1915); Demoll (1925); Walter and Nolte (1950); 
Schaeperolaus (1953); I«awson (1937); Krugel and Heinrich '
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(1939); Neess (1946); Wxmder (1949) and Huet (1952) described 
the favoiarable effects of liming and stressed Its use for 
increased fish production. More recently, Wrobel (1967); 
Pijan (1967); Mints and Khairulina (I968) and Boyd (1974) 
carried out works on liming of ponds and dlscxussed its 
ad-vantages.
Acid sulfate soil is a major hindrance in the develop­
ment of bracklshwater fish ponds in potential areas of many 
countries especially in the tropical regions. Actual add 
sulfate soils are not common, but far more abundant eire 
potential acid sulfate soils* Such a soil is defined as 
reduced, water logged, lanconsolidated soil material which will 
become acid sulfate upon draining (Brinkman and Fons, 1973)* 
Studies have been carried out on acid sulfate soils by Watts 
( 1965a, 1965b, 1969); Breeman (1975); Ponnamperuma et
( 1973) and Potter (1977). Kawalec (1973) has described the 
World distribution of acid sulfate soils.
The Vembanad lake, also called Cochin Backwaters is the 
largest bracklshwater ecosystem In the west coast of India* 
Several investigations have been carried out on the water and 
sediments of this ecosystem by many workers. Studies relating 
to the physico-chemical characteristics has been reported by
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Balakrishnau (1957); George and Kartha (196>); Hamamirtham 
and Jayaraman (1963); Cherlan (1967); Joeanto (I967); 
Sankaranar&yanan and QaBlm (I96.9); Manikoth (1975) and Manikoth 
and Salih (1974). Other workers Include Murty and Veerayya 
( 1972); Xaxmanan (1982) and Sankaranarayanan and Panampxinnayll 
(1979). Eewaraprasad (1982) Inveetlgated the physico-chemical 
coiaposition of fish pond soils of Vypeen area near Cochin. 
Besides these works* Josanto (1971) and Fillai (1977) investi* 
gated the grain size distribution of soils in this region. 
However, available information relating to Cochin backwater 
area are mostly based on the data collected from a single 
station or from a few stations located near the harbour region. 
Hence, in this study an attempt has been made to evaluate the 
chemical composition of pond soils from seasonal as well as 
perennial fish culture ecosystems of the extensive estuarine 
area from Munambam to Thaneermukkom (Fig. 1), taking into 
consideration the potential areas to be developed for bracklsh*- 
water aquaculture. In this work an attempt has also been 
made to calculate the lime requirement for pond soils of this 
area which will be of great practical value since information 
on these lines are lacking for this region.
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MATERIALS AND METHODS
Sttidies 013 the chemical properties of soils were carried 
out from 30 stations in the Cochin Backwater system including 
Vembanad lake (Fig. 1). Soil samples from different seasonal 
and perennial prawn cultxure fields were collected and analysed 
for the following parameters: Exchangeable sodium, potassim 
and calcium, total phosphorous and the lime requirement, based 
on the estimations of both exchange acidity as well as 
potential acidity. The sampling was done twice, one each in 
the premonsoon and monsoon periods.
Study area
The Vembanad lalce, also called Cochin Backwaters is the 
biggest in the west coast of India, extends between latitudes 
9*28' and 10*N and longitudes 76*15’ and 76*31 Its length 
is about 113 width varies from a few hundred meters tt>
about 1.45 Kin. It covers an area of approximately 300 sq.km. 
The backwater as the name implies Includes a chain of shallow 
brackishwater lagoons and swamps covering vast area, extending 
into the central part of Kerala. The main sources of fresh­
water in the system are two large rivers * Periyar on the 
north, Pampa on the south and a small river called Muvattupuzha 
which flows midway between the two. The backwater has a 
permanent connection with the Arabian sea about 450 m. wide,
IS
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the Cochin Bar Mouthy which forms the main entrance of saline 
water* There Is also a similar entrance In the northern end 
at Ashlkode* The system receives an average i^ilnfall of 
3300 mm from the southwest and northeast monsoons, the former 
being active from early Jiane to September and the latter from 
October to early December.
Traditional fish culture practices are prevalent In 
more than 3117 ha. of low lying bracklshwater fields adjoining 
the estuary (Plate I ) . These fields varying In size from 
less than 0*3 ha to 10 ha. are confluent with the brackish* 
water directly or by canals, controlled by sluice gates. The 
average prawn and fish yield in these fields range from 300 
to 1,500  kg/ha. This is a seasonal operation done during the 
summer months i*e ., from November to April* and paddy culti­
vation carried out dxaring the rest of the year. During the 
remaining period i.e*, dtu^ing S.W. monsoon, water in these 
fields becomes almost salt free, a special variety of paddy 
called 'Pokkall' which is tolerant of salinity upto 8 ppt 
is grown. The crop lasts only for 90-100 days. Paddy 
stumps and straw are left to decay after harvest, ^ ich  forms 
a good manure to the soil*
In addition to the pokkall fields, there are deeper 
bracklshwater impoundments which are not suitable for growing
Ipaddy. They are used for growing prawns throughout the year. 
The bottom layer of water in these deep ponds will be saline 
making it suitable for the growth and survival of prawns 
during peak monsoon also* These fields ranging in size from 
2 ha to 75 ha are called 'Varshakettu* in Malayaleun,
In the conventional method, the tidal flow of water 
coming from the estuary during the high tide Is allowed to 
enter the fields through the sluice gates. Along with the 
inflowing water the juveniles of prawns and young ones of 
fishes also enters the fields* However, during the low tide 
the sluice gates are closed with wooden planks on nylon 
screens to prevent the prawns and fish from going out. The 
harvest is closely associated with lunar periodicity because 
of the eidvantage of higher drive of water flow. The harvesting 
is carried out by keeping a conical bag net in the sluice 
gate.
At Valappu and Narsikkal there are a few well designed 
seml-lntenslve culture ponds with average depth of 0.5 to 
0.1 m of water of size less than one hectare, where aqua­
culture is practiced by selective stocking and with scientific 
management (Plate I I )•
Plate I. A traditional prawn oultxire field.
>rm
m m i
Plate II. Semi-intensive cultiare ponds of the CMPRI 
at Narakkal.
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Soil samples were also collected from the northern and 
southern aspects of the Thaneermukkom barrage, the salt water 
barrier constructed across the Vembanad lake.
Collection of soil samples
The soil samples were collected using a Van Veen grab
2of area 0.05 m • Bottom soils were taken from the four 
corners and center of the ponds in each station, and mixed 
throughly in a container before the samples were taken for 
analys is .
The wet pH of the soil was determined on the same day 
and then the samples were sun dried over a polythene sheet. 
The dried samples were transferred Into plastic vials, 
labelled and stored in a desiccator for analysis.
Method
The wet soil pH was determined using an Elico digital 
pH meter, model LI-120. The sun-dried samples were ground 
well in a mortar with a pestle to a fine consistancy so as to 
pass through 1 mm mesh sieve.
The dry pH of the sun-dried samples were determined for 
observing the acidity. 50 g of the soil was weighed into a
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250 ml beaker and 50 lol of deionized water was added. The 
mixture waa stirred intermitantly for one hottr. Then the pH 
was determined by a pH meter (Bear, 1964).
The soil samples were analysed for the following 
pcurametere s
1* Exchangeable cations viz>. sodium, potassium and calcium 
2. Total phosphorous
3 • Lime requirement
The exchangeable cations were smalysed by the ammonium 
acetate extraction of these cations from the soil into the 
solution. 2.5 g of the soil was added to 50 ml of 1 N 
ammonium acetate solution in a Erlenmyer flask and shook well 
in an electric shaker for half an hour. The solution was then 
filtered and the filtrate was used to determine the exchange­
able cations with the help of an Elico Digital Flame Photometer, 
Model CL-22D, using the respective filters (Plate III).
In the flame photometer the sample combined with air 
and gas premixture is sprayed into a high temperattare flame.
The emitted photon energy is filtered through a narrow band 
filter and the filtered energy is dia?ected over a photo 
sensitive device, which is measured over a meter. The meter
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is calibrated with standard sol'utlone and the coneentratlone 
of unknown sauplee are Interpreted •
The total phosphorous was determined by the per chloric 
acid digestion method (PAO Pish. Tech. Paper, 1975)* The 
method is as follows:
Take 0.5 g finely powdered sediment into a 500 ml 
ICjeldahl flask. Add few drops of water to moisten the sample*
Then add 2 ml each of conc. HNO, and Cone. HCIO. • Heat5 4
slowly \2ntll dry over a pre-heated hot plate* Let the flask
cool and then add 1 ml conc. HCIO. and heat again iintll dry,4
Cool the flask and then add 21 ml of diluted (1-8 N)
solution* Boil slowly for 10 minutes.
After cooling, filter the solution into a 250 ml 
volumetric flask using Whatman No. 42 filter paper and then 
dilute to 250 ml.
Pipette out 5 ml of the solution into a 50 ml graduated 
cylinder and add 25 ml water together with 5 drops of ascorbic 
acid and 1 ml sulfuric acid - ammonium molybdate solution* 
After 5 minutes, measure the absorbance at 882 nan in a 
Spectrophotometer.
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Bettmatlon of lime requirement
Lime requlreaent was detes^mined by the method developed 
by Pillai and Boyd (1985) for pond miids where exchange acidity 
is involved.
20 g air dried sediment that passes a 0*35 mm sieve is 
weighed to a 100 ml beaker. 40 ml of para-nitrophenol buffert 
made by dissolving 20 g para-nitrophenol, 15 g boric acid,
74 g KCl eind 10*5 g KOH in 1000 ml watert is added and the pH 
is adjusted to 6.00. The contents of the beaker were stirred 
for 1 hour Intermittently using a magnetic stirrer and then 
the pH was determined to the nearest 0.01 unit using a glass 
electrode with a pH meter. Each 0.01 unit change In pH 
represents 0*16 me<|^ . of acidity. The liming rate was calculated 
as follows t
Xtimlng rate (Kg. of CaC05/ha) * pH change x 5600
For acid sulfate soils in oz^ler to calculate the total 
lime requirement, since the potential acidity has also to be 
taken into consideration, the same has been estimated by the 
method of Boyd (1984). The potential acidity was calculated 
as follows:
Take 5 g of air dried sediment in a 500 ml long form 
of beaker and add 20 ml of JOfi Heat the mixture to
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40 C till a no'ticeable reaction simllax to boiling occur.
Once the reaction starts, the beaker is to be removed from 
the heat and the reaction let to continue. Once the reaction 
stops add 10 ml of 30^ H^O^ and heat to 40*0. Continue this 
procedure until no reaction occurs at 40*C. Then add distilled 
water to a volime of about 100 ml and heat the solution for 
30 mts. at 90 to 95*C to remove any excess HgOg*
After the beaker and the contents have cooled, add 3 
drops of phen(4>thalein and titrate against standard sodium 
hydroxide. At the end point phenolpthalein produces a faint 
pink color which persists for at least 30 seconds. The potential 
acidity is calculated as follows:
V. Of (N) (100 g)Meq H per 100 g « ______________________________
wt. of the sample in grams.
Lime requirement = meq x 50 x 2,2 x 10^
(kg of OaOOyA^aT)
Total lime requirement « Hate obtained by exchange acidity
+ Kate obtained by potential
acidity.
Grain size cmalysis
Apart from the above chemical analysis, grain size 
distribution of soil from different regions of sampling were 
also determined by the sieve and pipette method of Krumbein
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and Pettijohn (1938) as quoted by B-ucUanan and Kaln (1971). 
The suBffliary of the method is as follows:
Pretreatment
25 g of air dried sediment was weighed Into a one litre 
long form of beaker and 100 ml of 6^ ^2^2 added* This was 
allowed to stand overnight and then heated gently over a 
water bath adding fiirther small quantities of-H^Og until there 
was no reaction. The contents of the beaker was washed down 
on to a filter paper (Whatman No. 42) in a Buchener funnel 
under gentle suction* The sediments was then washed from the 
filter paper into a one litre beeiker and 100 ml of sodium 
hexametaphosphate (6*2 g/1 aqueous) was added, then stirred 
for 10 to ^5 mts. xising a high speed stirrer. The sediment 
was left to soak overnight.
Initial splitting of silt clay fraction
The sediment was transferred to the surface of a clean 
6 2 ^  sieve placed in a flat bottomed white enamel basin. Then
500 to 4-00 ml distilled water was added to floor the sieve.
Wet sieving of the sediment was done by agitating and puddling 
in the basin of water until most of the fine fraction had 
passed. The sieve was then lifted and water allowed to drain 
over the basin. The sieve was then transferred with its
(J
contents to a drying oven at lOO'C.
Dry Bieving of the sand fraction
The dried sieve with its contents was agitated over a 
large sheet of glazed white paper and any material which passed 
throng it was transferred to the suspension in the basin.
The fraction retained on the sieve was then weighed to get the 
proportion of sand.
Pipette sample
The contents in the basin was washed down to a one 
liter cylinder with distilled water. The cylinder was shaken 
to suspend the sediments evenly throughout the water column*
The temperature of the contents In the cylinder was maintained 
at 20*C by a cold water bath. After exactly 7 minutes 44 
seconds a 20 ml. pipette sample was withdrawn from a depth of 
exactly 10 cm below the surface of suspension and transferred 
to a pre-weighed china dish and dried in the oven at 100*C.
The weight of the contents in the dish gives the weight of 
silt fraction in the 20 ml sample which can be computed to 
the weight of silt in one liter of the sample. Then wei^t 
of sand and silt fractions were added and detected from 100 
which gave the proportion of clay.
2 4
Statistical emalysls
All data were subjected to statistical analysis to 
determine the relationship between different parameters* 
Correlation coefficients were estimated between different 
parameters and tested for their significance. These are 
given In tables. Test of homogenlty of correlations were also 
carried out between the two seasons of sampling.
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RESUIffS
(a) Exchangeable cationa
(i )  Sodlum
Sodium showed a relatively wide range of all the 
three exchangeable cations in the samples studied* The 
pattern of distribution of the cation during the pre- 
monsoon and monsoon periods is shown in Pig. 2, During 
the premonsoon period the concentration of sodim ranged 
from a minimum of 934 ppm in Station No. 50 located in the 
southern part of the backwaters to a maximum of 12,916 ppm 
in Station No. 2 in the nor^ihem region» The concentration 
of exchangeable sodium during monsoon ranged from 590 ppm 
in Station No. 50 to 7*592 ppm in Station No. 53? located 
in the middle of the backwaters (Table 1). By the onset 
of monsoon the average value of 7*174-16 during the pre­
monsoon declined to 4»240.09 ppm. Significant amotmt of 
leaching of the exchangeable cation was observed in all 
the stations diaring the monsoon period (Fig. 5 ). The 
maximum amount of leaching was observed in Station No. 43 
where the rate of water exchange was very high.
(i i )  Potassium
Among the cations studied, potassium was found to be 
the lowest in concentration. The distribution of exchange-
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able potasaiuia during the two sampling periods are shown in 
Pig. 3- During premonsoon, the amount of exchangeable potassixm 
ranged from a low value of 30 ppm In Station No. 49, located 
in the southern part of the backwaters to 745 ppm in Station 
No* 27 situated in the north-west part of the baclcwaters, 
in Vypeen island. The samples collected during monsoon showed 
a range of 20 ppm in Station No. 49 to 656 ppm in Station 
No. 26 at Vypeen island (Table 1). The average value of 
potassium recorded during the premonsoon period was 344.06 ppm 
which declined to 246.94 ppm in the monsoon. The seasonal 
variation of the cation along the stations is shown in Pig. 5» 
with maximum leaching in Station Nos, 39 and 43 located in 
the southern part of the backwaters.
(i i i )  Calc ium
The distribution pattern of calcium during the two 
seasons is represented In Pig. 4. The samples obtained during 
the premonsoon showed a range of exchangeable calcium from 
160 ppm in Station No. 50 to 11,800 ppm in Station No. 16, 
situated in the north central region of the Cochin backwaters. 
During the monsoon period it ranged from 60 ppm in Station 
No. 50 to 7,140 ppm in Station No. 26 at Vypeen island 
(Table 1). The average value of the exchangeable cation of 
5 ,470.4 ppm dxjring the premonsoon declined to 2,536.08 ppm
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by the ouset of noQSoozi. Calcima abowed the BBxinauzB amount 
of Xeachlng of all the three exchangeable cations studied 
(Pig. 6 ) .
(b) Total phosphoroxuB
Total phosphoroTie showed a definite pattexn of distri­
bution» registering higher concentrations in the northern 
and north central regions of the backwaters located in between 
Cochin bar mouth and Azhikode while stations in the southern 
regions it showed relatively low values (Table 2). The 
pattern of distribution of total phosphorous during the pre­
monsoon and monsoon periods over the area sampled is represented 
in Fig, 7* During the premonsoon period the range of total 
phosphorous varied from a low value of 71 p S /S  Station No.
50 to a high value of 2,643 ^ / s  in Station No* 8 eitxiated in 
the north central region of the backwaters. The monsoon period 
showed a range of 65 ^ / g  in Station No. 50 to 2 ,3 4 8 ^ /g  in 
Station No. 8. The average value recorded during the two 
periods were 1,118,77^ / g  aaid 871.94^ / g  in premonsoon and 
monsoon seasons respectively. Total phosphorous did not show 
high fluctuation over the periods. The concentration of 
phosphorous showed a direct relation with the soil texture 
in the area registering h i^er  values in those areas with 
finer fractions of the soil viz., silt and clay (Pig. 7).
(c ) pH
The wet and dry pH values of the soil during the 
pre-monsoon and monsoon periods are shown in Fig. 8. 
During premoneoon the wet pH of the soil ranged from 6*2 
in Station No, 41 located towards the south of the back­
waters system to 8»0 at stations 21 and 22 in the north­
western part (Narakkal, Vypeen island). Drxring the 
monsoon period the pH showed a wider range of variation 
from 6,0  at Station No, 45 in the southern part of the 
system to 8*4 in Station No. 21 (Table 3)* The average 
values recorded during the premonsoon and monsoon periods 
were 7*14 and 7*17 respectively*
The dry pH showed lower trend than wet pH in most 
of the stations with a range of 5 to 7.45 during the 
premonsoon, with an average value of 6.09- Comparatively, 
lower pH values were observed in the southern part of the 
bacicwater area. During the monsoon, the range of dry 
soil pH was from 4*65 to 7.70 with an average value of 
5 ,S6. The southern part of the backwaters system 
registered lower pH values during this season (Table 3).
(d) Lime requirement
The amo\int of lime (calculated as CaCO^/ba) required 
for the soils by the exchange acidity (Buffer method)
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gave a wide range of values* The estimated 6UIlo^ lnt of 
lime varied from 0.112 tons/ha at Narakkal (Station No. 25) 
to 5.6 tons/ha of CaCO_ at Thuravoor (Station No. 4-4) 
located in the south-westeim part of the study area in 
premonsoon. During the monsoon, however, the requirement 
of lime was found to be lower with eleven stations 
recording nil, and a maximum of 3-528 tons of CaCO^Aia 
being observed in Chennoor (Station No. 9) in the north 
central region of the ecosystem (Table 4).
The lime requirement based on the potential acidity 
estimation showed considerable variations in the two 
periods. In the premonsoon It ranged from 10.63 tons of 
CaCO^/ha in Naralckal (Station No. 22) to 95-73 tons/ha in 
Station No. 5 in the northern part of the system. During 
the monsoon in the stations located in the southern parts 
of the backwaters, the range was from 17-01 tona/ha in 
Station No. 55 to 69.34 tons/ha in Station No. 42.
The total lime requirement in tons of CaCO^/ha, 
calculated by adding both the exchange acidity and 
potential acidity varied from 10.79 tons in Narakkal to 
96 tons/ha in Cherai during the premonsoon period. During 
the monsoon sampling the range varied from 12.76 tons/lia 
in Station No. 50 to 91-22 tonsAa of CaCO  ^ at Station No. 
20 in the north central region of the backwater system 
(Table 4)-
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(e) Grain elze analysis
The grain size analysis revealed three main types 
of soil v iz ., silty sand, clayey sand and sandy silt in 
the study area. The soil texture in 30 stations sampled 
was silty semd with predominance of sand and silt in the 
soil. 10 stations had sandy silt while the reinaining 10 
stations consisted of clayey sand. The region-wise distri­
bution of grain size in the backwater system is shown in 
Table 5. Figures 9 to 31) represent the composition of 
soil in different regions from where samples were obtained.
(f ) Statistical analysis
Correlations (Snedecor and Cochran, 1967) worked out 
between the various parameters during the premonsoon and 
monsoon periods are given in Tables 8 and 9 respectively. 
Sodium and potassium showed h i^ ly  significant correlations 
of 0.8504 during premonsoon and 0.6502 during monsoon. 
Potassium and calcium also showed significant correlations 
of 0.6377 and 0.7962 during premonsoon and monsoon seasons 
respectively. Total phosphorous showed highly significant 
relationships with all the exchangeable cations dwlng 
both the periods.
Wet pH didn't show any significant correlation with 
any of the parameters during the premonsoon period.
However, during monsoon period significant correlations
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0«3820 and 0*5050 was observed between calcium and dry pH 
respectively. Dry pH showed significant relationship with wet 
pH (0.5050) and an inverse correlation of O.3O8O with lime 
req.uirement was noticed dxirlng the monsoon period only*
Sodium, potassium, calcium and total phosphorous showed 
significant relationships of 0,7709, 0.8199, 0.9078 and 0.8960 
between their respective distribution patterns In the premonsooz: 
and monsoon periods of sampling (Table 10). Wet pH values 
didn’t show any relation during the two periods while between 
dry pH and lime requirement a correlation of 0.4836 and 
0*5684 was observed during the premonsoon and monsoon periods 
respectively.
Of the three grain size variables only sand and silt 
showed highly significant correlations with the exchangeable 
cations and total phosphorous ditring the two periods.
However, clay showed a significant relationship between total 
phosphorous during both premonsoon and monsoon periods 
(0.3635 and 0.4560). Further, during the monsoon sampling 
clay showed relationship with sodlm and potassium. Sand/ 
silt and sand/clay displayed highly significant correlations 
while no relationship could be established between silt and 
clay*
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Interesting relationship between the different para­
meters dxiring the two seasons were also observed and are given 
in Table 10*
'Z* test for determining the homogenlty of correlations 
of different parameters during the two seasons revealed 
interesting results. Exchangeable cations and total phosphorous 
exhibited homogenity in correlations during the premonsoon and 
monsoon seasons as well as in their relationship with other 
parameters. Correlation between wet pH and dry pH wasn't 
homogeneous. The same was the case with the relationships 
between dry pH and lime requirement during the two periods. 
However, wet pH and lime requirement relationship during the 
two periods of sampling showed homogenity.
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Table 1« Variations in the concentrations of the exchange­
able cations; sodium, potassim and calciiim dxiring 
the premonsoon and monsoon periods
Sta-
^  1 -___- __________ ...Sodi2|i_^^___ Fotas^iym ________________SalsiHS_______________t ion 
ffo. Fremonsoon Monsoon Premonsoon Monsoon Fremonsoon Monsoon
1 5.972 3,975 272 110 4,700 1,900
2 12,916 7,368 412 400 11,005 5,780
3 8,085 4,815 359 250 4,800 2,010
4 5,486 4,542 149 120 3,600 1.400
5 4.861 5,170 123 101 2,800 1,260
6 5.199 4,605 165 110 4,800 1,840
7 6,000 4,184 459 238 5,050 2,140
8 7,353 6,973 554 300 7.900 5,680
9 9,199 4,652 623 350 10,015 4,480
10 8,200 5,080 430 380 8,600 2,780
11 5,533 5,010 343 240 4.700 1,980
12 5.933 4,100 357 250 6,100 2,020
15 12,153 5,657 417 550 11,000 5.840
U 7.200 4,185 356 520 8,800 3.660
15 9.468 6,789 480 418 9,600 4,120
16 11,733 6,900 510 440 11,800 5.140
17 9.553 5,697 386 226 8,200 5,340
18 7,600 4,960 312 276 6,300 2,740
19 7,553 5.020 289 156 5.600 1,840
20 6.334 4,542 280 198 6,700 1,440
21 5,264 2.500 66 55 990 600
22 5.159 3.329 101 72 1,250 660
25 4,951 2,763 127 84 950 580
24 10,416 6.315 628 556 10,900 7,120
25 8,680 5.672 378 230 9,950 7,080
4 4
Table 1. Continued. •
Sta-
4- 4
_________Sod iVOD. Pptaseliim^^^ _____________________Sslsiu®__________— -X Ion
No. Premoneoon Monsoon Fremonsoon Monsoon Premonsoon Monsoon
26 11,736 6 , 3 8 1 685 656 9,800 7 , 1 4 0
27 12,500 6,578 745 640 9,200 6,900
28 7.291 3,789 334 306 4,600 1,240
29 7,638 6,100 329 300 6,400 2,020
30 5,763 4,355 254 200 3 ,3 0 0 1,820
31 7,534 4,987 676 630 8,000 3 ,3 6 0
32 7,734 4,815 371 300 6,700 2,200
33 9,266 7,592 645 322 8,200 3,480
34 2,900 1,092 96 52 1 ,900 160
35 2,934 1,118 87 66 2,100 200
36 3,134 1,157 100 54 2,000 180
37 4,067 4,973 160 150 3,200 1,540
38 3,999 2,500 153 145 3,000 1,760
39 11,195 7,434 570 116 1,840 860
40 10,866 7,100 526 496 11,000 5 ,30 0
41 6 ,599 3,010 298 170 6,200 3 ,7 2 0
42 7,866 3 ,118 517 470 4,500 1,790
43 8,666 2,010 535 100 1 , 2 5 0 340
44 8,675 2,421 565 204 1,240 880
45 8,600 2,578 465 188 1,040 700
46 5,999 2,500 233 176 3,400 2,240
47 6 ,667 5,010 235 184 4,000
1 , 7 2 0
48 5,667 3,697 220 172 3,500
1,680
49 1,799 829 30 20 900
80
T ✓
50 934 590 40 24 160
60
45
Table 2 . Distribution of total phosphorous in the 
premonsoon and monsoon periods
Sta­
tion Total phosphorous in^ig/g Sta­tion
Total phosphorous in jug/g
NO • Premonsoon Monsoon No. Premonsoon Monsoon
1 602 671 26 1 ,691 1,794
2 1,090 906 27 1,418 1,754
3 950 619 28 736 695
4 579 560 29 693 671
5 375 360 30 743 643
6 1,481 1,180 31 1,500 1,497
7 1,831 1 , 5 3 2 32 1,010 910
8 2,643 2,348 33 1,025 985
9 2,188 1,434 34 341 291
10 2,153 1 ,2 7 1 35 545 293
11 2,080 1 , 1 7 4 36 611 286
12 2,296 1 ,2 3 9 37 546 486
13 1,937 1 , 2 1 3 38 615 610
U 1,363 1 , 1 7 3 39 515 392
15 2,154 2,000 40 852 671
16 2,200 2 ,0 17 41 695 652
17 1,800 1,108 42 750 582
18 1,948 1 ,2 39 43 545 358
19 2,010 1,000 44 818 456
20 1,980 1,115 45 789 392
21 586 522 46 358 293
22 593 523 47 287 280
23 693 560 48 295 292
24 1 ,5 0 0 1,174 49 71 65
25 1,227 1,181 50 150 130
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Table Seasonal variation in the wet pH and dry pH 
of the soil at different stations
Sta- ________ _______________________ -ItfQaaQflQ__________t ion
No. Wet pH Dry pH Wet pH Dry pH
1 7.30 6.65 7.18 6.65
2 6.80 6.25 7.68 5.86
3 7*50 6.45 7.70 5.74
4 7.55 6.50 7.25 5.20
5 7.40 6.52 7.37 5.35
' 6 7 .30 6.70 6.50 5.30
7 6.80 6.20 6.60 5.40
8 7.00 6*60 6.90 5.80
i 9 7 .30 6.42 7»10 5.10
10 7-40 6.50 7.00 5.20
11 7.30 6.45 7.10 5.20
12 7.40 6.50 7.20 5.40
^3 6.75 5.88 6.60 4.65
U 6.80 5.89 6.70 4.70
15 7.60 6.30 7.40 5.05
16 7 .30 6.20 7.00 5.00
17 6 .90 5.80 7.38 5.40
18 6.90 5.80 7.00 5.20
19 7.00 5.90 7.11 5.30
20 6.80 5.75 7.34 5.10
21 8*00 6.87 8.41 6.20
22 7 .80 6.75 7.76 6.00
23 7 .70 6.70 7.79 6.10
24 7.95 7.30 8.06 7.70
25 8 .00 7.40 8.16 7.65
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Table 3* Continued. ••
Sta- ^Premons o on Monsoon__
tlon
Ko. Wet'pH Dry pH Dry pH
26 7.90 7.30 8.00 7.60
27 7.50 7.10 7.99 7.60
28 6.50 6.00 6.70 5.80
29 6.50 6.00 6.60 5.70
30 7.35 6.85 7.40 6,50
31 7.25 6.55 7.30 6.90
32 7.30 6.60 7.10 6,40
33 6.50 6.20 6.70 6.10
34 7.50 5.20 6.86 5.70
35 7.50 5.20 6,98 5.85
36 6.80 5.10 6.96 5.80
37 6.70 5.20 6.98 5.75
36 6.80 5.30 7.20 5.85
39 6.70 5.15 6.85 5.60
40 6.80 6.10 7.42 6.47
41 6.20 5.80 7.10 6.20
42 7.20 6.80 7.28 6.35
43 6.20 5.00 6.90 5.90
44 6.20 5.00 6.98 6.00
45 6 ,30 5.10 6.00 5.25
46 7.40 5.30 6.98 5.30
47 7.30 5.10 7.00 5.35
48 7.30 5.10 7.01 5.40
49 7.80 6.40 6.88 6.80
50 7.40 5.10 7.16 6.90
Table 4 * Total lime requirement based on exchange 
and potential acidity
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Sta­ Fremonsoon Monsoontion
No. £!xc2iange Potential Total* Exchange Potential Total*V ♦ acidity acidity tone/ha acidity acidity tons/ha
1 0.448 54.24 54 .75 1.120 3 1 . 0 2 52.14
2 1.512 very high very h i ^ 0.784 55.30 56.08
5 0,896 95.73 96.62 0.560 29.77 50.33
4 0,280 74.45 74.75 0.056 34.05 34.08
5 0.224 55.18 55.40 0.056 55.18 55.25
6 1.400 5 2 . 1 2 55.52 2.016 44.67 46.68
7 5o040 57.45 62.47 1.904 51.05 52.95
6 5*752 55.51 59.06 2.072 55.50 57.57
9 1.344 77.64 78.98 5.528 72.52 75.85
10 1,008 75.51 76.52 3.560 68.06 71.42
11 1.456 75.51 76.96 0.840 29.77 50.61
12 0.784 76.58 77.36 0.560 51.54 52.10
15 1.568 76.58 78.15 2.128 76.69 78.82
14 1.400 75.51 76.91 2.016 77.78 79.79
15 0.560 75.40 75.96 1.400 55.50 56.70
16 0.728 74.50 75.25 1.232 51.05 52.28
17 5.024 44.67 47.69 1.288 85.06 86.54
18 2,800 52.12 54.92 1.680 87.25 88.95
19 5.248 51.05 54.29 1.568 88.11 89.67
20 5.192 55.51 58,50 1.904 89.32 91.22
21 0.168 12.76 12.95 «* 18.29 18.29
22 0.168 10.65 10.79 17.43 17.45
23 0.112 11.70 11.81 ♦* 17.86 17.86
24 0.784 65.94 66.72 ** 46.79 46.79
25 0.616 65.82 64.45
** 44.67 44.67
Table 4 .  Continued
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Sta­
tion
tio. Exchange acidity
_^emonsooD
Potential 
ac id ity
Total*
tons/ha
Exchange 
ac id ity
^^Monsoon
Potential
acidity
Total*
tons/ha
26 0.640 64 *68 65.52 4 7 .6 5 4 7 .65
27 1.008 63.82 64.83 0.056 5 1 .0 5 5 1 . 1 0
28 1.400 74.45 75.85 0.672 42,54 43.21
29 1.232 75.58 77.81 0.504 44,67 4 5 . 1 7
30 1 ,120 74.45 75.57 0.560 38.28 38.84
31 0.840 85.09 85.93 0.504 63.82 6 4 .32
32 0.728 84.03 84,76 0.448 64.94  ‘ 65.42
33 1,680 82.96 84.64 0.560 59.56 60,12
34 2.856 2 1 . 2 7 24,12 1 9 . 1 4 1 9 . 1 4
35 2.800 2 9 .7 8 32.58 1 7 . 0 1 1 7 . 0 1
36 2 . 9 1 2 26.59 2 9 .5 0 2 1 . 2 7 2 1 . 2 7
37 3.308 42,54 45.85 0.840 42,54 43.38
38 3.640 44.67 48,31 1.624 43.06 44.68
39 2 . 9 6 8 43.60 4 6 .5 7 0.224 34.03 3 4 .2 5
40 3 . 3 0 4 6 9 . 1 0 7 2 .4 0 0,840 80.83 81,67
41 3 . 9 2 0 63.82 67.74 2.016 85.09 87.10
42 3-192 59.45 62.64 1.400 89.34 90,74
43 5 .040 85.09 9 0 .1 3 1.120 61.68 6 2 .7 2
44 5 .600 8 6 . 1 5 9 1 . 7 5 0.840 59.56 60.40
45 5 .488 80.23 85 .72 0.560 6 5.0 3 65.59
46 3 . 3 6 4 42.54 46.40 0.840 59.56 60.40
47 3 . 9 2 0 5 2 . 1 2 56.04 1,120 6 1 . 6 2 62,74
48 2 . 5 7 6 4 2 . 5 4 45.11 1.008 64.03 65.03
49 3 . 3 0 4 1 0 , 6 3 1 3 . 9 3 ** 12.76 1 2 .7 6
50 3 . 7 5 2 1 2 . 7 6 1 6 . 5 1 1 4 .8 8 1 4 .8 8
«*
The lime requirement is calculated by considering the 
weight of soil of 15 cm depth per hectare.
The stations showed no lime requirement by the exchange 
acidity method.
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Table The structural composition of the soil 
at different stations
Sta­ Percentage composition
tion
No. Sand Silt Clay“" Soil texture
1 45.00 25.00 30.00 Clayey sand
2 48.00 24,00 28.00 Clayey sand
3 48.20 23.80 28.30 Clayey sand
4 48.40 23.60 27.70 Clayey sand
5 47.40 24.60 28.00 Clayey sand
6 41.24 38.00 20.76 Silty sand
7 42.00 38.30 21.00 Silty sand
8 40.48 37.70 20.52 Silty sand
9 45.76 38.00 16.24 Silty sand
10 45.76 38.00 16.24 Silty sand
11 44.20 31.20 21.80 Silty sand
12 43.80 31.60 21.40 Silty sand
15 50.60 36.80 13.50 Silty sand
U 50.60 35.20 13,30 Silty sand
15 43.90 32.10 24.40 Silty sand
16 43.70 31.90 24.00 Silty sand
17 45.40 40.00 14.60 Silty sand
18 45.30 40.30 14.70 Silty sand
19 45.60 40.10 14.50 Silty sand
20 45.30 39.60 14.60 Silty sand
21 84.00 06.00 10,00 Clayey sand
22 83.60 06,30 09.10 Clayey sand
23 84.40 07.70 10.90 Clayey sand
24 36.20 42.00 2 1 . 7 0 Sandy silt
25 36.30 42.30 21.50 Sandy silt
Table 5 . Continued
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Sta­
tion
No.
Percentage composition
Sand Silt Clay Soil texture
26 36.10 42.50 21.60 Sandy silt
27 36.20 41.20 22.00 Sandy silt
28 50.52 31.48 18.00 Silty sand
29 50.50 31.42 17.30 Silty sand
30 50.54 31.54 18.70 Silty sand
31 37.10 48.70 14.20 Sandy silt
32 37.00 48.00 15 .0 0 Sandy silt
33 36.90 47.30 15.80 Sandy silt
34 61.00 24.90 15.80 Silty sand
35 60.00 24.00 16.00 Silty sand
36 59.00 23.10 16.20 Silty sand
37 62.88 26.20 11.00 Silty sand
38 62.83 26.00 11.20 Silty sand
39 62.93 25.80 10.80 Silty sand
40 34.92 52.00 13.08 Sandy silt
41 34.90 5 2 .2 0 13.00 Sandy silt
42 34.94 51.80 13.16 Ssindy silt
43 53.32 38.20 08.67 Silty sand
44 53.30 38.00 08.69 Silty sand
45 53.28 37.80 08.68 Silty sand
46 64.00 24.10 11.30 Silty sand
47 63.80 24.00 12.70 Silty sand
48 64.20 23.90 12.00 Silty sand
49 9 1 .0 0 02.30 05.00 Clayey sand
50 93.00 01.70 07.00 Clayey sand
Table 6 . The Range, Mean and Standard deviations of 
different parameters during premonsoon
Parameter Eange Mean Standarddeviation
Sodium (ppm) 934-12,916 71,746.16 ♦ 2,821.08
Fotaesium (ppm) 30-745 344.06 + 188.55
ICalcium (ppm) 160-11,800 5,470.40 ♦ 3,575.62
Total phosphoroue 
( ^ / g )
71-2,643 1,118.77 + 688.03
Iwet pH 6.2-6.0 7.14 + 0.48
Dry pH 5.0-7.5 6.09 + 0.69
Lime requirement 
Total (Tons/ha) 10,79-96,0 61.23
+ 24.63
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Table 7 . The fiange. Mean and Standard deviations 
of different parameters diirlng monsoon
Parameter Range Mean Standarddeviation
Sodium (ppm) 590-7,592 4,240.09 + 1,865.37
Potassiiun (ppm) 20“656 24-6.94 + 162.44
Calcium (ppm) 60-7, H O 2,556.08 + 2,003.60
Total phosphorous
( jae/s) 65-2,348 871.94 1 537.29
Wet pH 6.0-8.4- 7.17 * 0.46
Dry pH 4.7-7.7 5,86 ♦ 0.76
Total lime require­
ment (Tons/ha) 12.76-91-22 51.60 + 22.90
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DISCUSSICN
There have been several studies on the water 
characteristics of the Cochin Backwaters and the adjoining 
fields. However, those relating to the physico-chemical 
characteristics of the soil are limited. With the increasing 
importance of brackishwater aqiaacultxire in the suitable areas 
of the Cochin Backwaters to augment fish production, studies 
on the nature of soils and Its characteristics have assiimed 
greater importance. This is particularly so as the soil not 
only form a base for the culture of organisms but also play an 
important role in the production of the culture system.
The soil fertility depends to a certain extent on the 
exchangeable cations present, nature of the soil, its structure, 
and the magnitude of its exchange capacity. Among the 
exchangeable cations studied sodium was the highest cation 
encotintered in the soil followed by calcium and potassium.
Dean (I960) gave the range of these exchangeable cations in 
humid soils of temperate regions in shallow waters as 1,000 to 
60,000  ppm for sodium, 2,000 to 40,000 for calcium and 1,000  
to 60,000 for potassium. The values of exchangeable sodium 
recorded in the present study were found well within this range. 
However, in a few stations, values lower than the range given 
were also recorded. This might be accounted to the predominance
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of sand in the soil (84 to 92$?) and higher influence of 
freshwater in those stations*
Mollah et ( I 9 7 9 ) observed potassium contents of 
brackishwater pond soils in Bangladesh, He obtained maximuni 
values up to 64O ppm, which was almost in accordance to that 
obtained in the present study. Banerjea (I9 6 7) recorded very 
low potassium contents in freshwater ponds* Milkfieh ponds 
in Taiwan were classified into three categories or types by 
Tang and Chen ( I 9 6 7 ) on the basis of available potaesim into 
low (less than 350  ppm), medium (550 to 500 ppm) and high 
(more than 500 ppm). In the present work, almost half the 
number of stations were found to belong to the low potassium 
category (less than 350 ppm), and ten stations to that of high 
potassium type. However, the distribution of potassium in 
this study area did not follow any specific pattern of variation 
The soils containing higher proportion of sand had low 
potassium content, although the values were relatively lower 
as compared to the potassium ranges given by Dean (i960) for 
humid soils of the temperate regions.
Banerjea (1967) classified the soils with a calcium 
range of less than 1,000 ppm as low, 1,000 to 2,000 ppm as 
medium, 2,000 to 3,000 ppm as high and above 3,000 ppm as very 
high, while working on freshwater fish pond soils in different
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States of India^ In the present investigatioxSt majority of 
the Btatiojna registered very high calcium values (above 
3#000 ppm) during both the periods of sampling. In the fresh­
water pond soils, Banerjea (1967) recorded the maximum value 
of calcium at 3»870 ppm, while in the present study it was 
11 #005 ppm during premonsoon which declined to 7,140 ppm by 
the onset of monsoon* The algal pasture soils of Taiwan were 
classified by Tang and Chen (196?) based on their calcium 
content as low calcium (upto 700 ppm)# medium calcium (700 to 
1,200 ppm) and high calcium (more than 1,200 ppm). Majority 
of the stations in the Cochin Backwaters studied at present 
registered calcium values well in the high calcium range of 
Tang and Chen (19^7)# although some stations in the southeim 
regime recorded lower calcium values* Further# the exchange­
able calclxmi values of the ecosystem was also found to be in 
the range given by Dean (19&7) for majority of the stations 
( 2 ,0 0 0  to 40,000 ppm). Mollah et (1979) observed lower 
calcim  values (upto 700 ppm) in their investigations on 
brackishwater pond soils of Bangladesh. Saha et (1971) 
observed the calciiBE content of a freshwater perennial pond in 
Orissa and recorded a maximum of 3#600 ppm of the cation* Most 
of the stations in the southern region of the backwaters during 
the premonsoon and majority of the stations during the monsoon 
period showed calcium content around this value or even lower.
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Bevarapraaad (1982) carried out investigations on the 
exchangeable cations in the sediments of some brackishwater 
pravm culture fields near Cochin. He recorded a wide vari­
ation in the exchangeable cations v ia ., sodiusiy calcium euid 
potassium In the sediments. He also reported wide monthly 
variation in the concentration of the cations from January to 
June* The maximum value of sodium reported by him was 
21 ,502 ,78  ppm during the early part of the year which declined 
to 1 0 , 6 9 2 ,5 6  ppm by the onset of monsoon. Potassium ranged 
from 5 5 0 . 6 3  ppm to 1,002.4-8 ppm. Xower potassium values were 
recorded during monsoon* Concentration of calcium varied from 
6,739*19 ppm to 11,997.78 ppffl. In the present study the 
values obtained for exc2iangeable cations fell well within the 
range reported by him (Eswaraprasad, 1982) in the more estuarlne 
areas while lower values were observed in freshwater dominated 
zones. The concentrations of the cations showed a decreasing 
trend towards the southern part of the backwaters where fresh­
water ingress was more. Besides, the tidal influence was also 
relatively less In this region as It was away from the bar 
mouth. However, relatively low values of sodium obtained in 
this study might be due to a few heavy premonsoon showers 
preceding the sampling.
Tang and Chen (1967) reported that during the rainy 
season the exchangeable cations may be washed out as they are
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soluble in viater. All the cations showed appreciable amount 
of leaching, with calciuni registering the highest, Eswarapraead 
( 19Q2 ) reported that exchangeable eodium and calcium had direct 
relationship with the salinity of the overlying water, while 
potassium and salinity were not found to be significantly 
correlated* The sharp decline in the sodium and calcium content 
in the soils during the monsoon period in the present findings 
might be due to their direct relationship with salinity as 
opined by Eswaraprasad (1982). He also reported a ateep 
decline In the salinity of the bracklshwater ponds due to the 
heavy rains dioring the monsoon period.
Statistical analysis revealed significant correlations 
between the excheingeable cations and grain size distribution* 
Sand fraction of the soil showed highly significant Inverse 
relationships during both the sampling periods* This indicated 
that a high content of sand lowers or brings down the cono^* 
tration of the cations* The cations also showed significant 
correlations with the silt fraction, displaying higher 
concentrations when the proportion of silt was greater In the 
soil- Clay didn't have slgnlficeuat correlations with any of 
the cations during premonsoon. Direct relationship was also 
seen between the different cations, as higher concentration of 
one cation was indicative of greater concentration of the 
other or vice versa (Tables 6 & 9 ).
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The amount of the exchangeable cations present In the 
s o il , their retention smd leaching depended uptm the grain 
size  distribution as well as the rate of water exchange In the 
ponds* Ponds with higher rate of water exchange, by way of 
direct link  to the main water systems or to canals had lower 
concentration of the cations in the so il . The euaount of 
leaching In such ponds were also considerable. In those ponde^ 
with miniKua exchange of water, higher concentration of the 
cations were observed. Also the leaching of the cations over 
the season was not high in these pond soils. Thus both the 
rate of water exchange as well as soil texture play significant 
roles in the concentration of the cation In the soil.
The Importaxice of soil phosphoroiis in determining the 
productivity of fish  ponds is well recognised. Its apparent 
success as a fertilizer  has attracted considerable interest 
in its studies, fhosj^orous is generally recognised as the* 
key nutrient in the fertility  of fish  ponds. This nutrient 
frequently limits plant production and ultimately influences 
fish  production* Conversely, too much phosphorous is 
sometimes responsible for excessive blooms In ponds.
The dynamics of phosphorous in fish ponds have been 
discussed by Boyd (1971). According to him the in s i ^  supply 
of phosphorous In newly constructed ponds is the vegetation and
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the newly In'undated soil. Other poeelble eoxircea of inputs 
of phosphorous are ijaflow of water ^  from the atisosphere by 
precipitation, plants bordering the pond, aniiaals in the 
waterbody and fertilization. The possible ways of loss of 
phosphorous are by outflow of water, animal activity, fish 
hajrvest and permanent loss to the sediment. Phosphorous in 
sediments may be present in either organic or inorganic forms, 
the sum of these being the total phosphorous. It is the 
inorganic forms that are generally regarded as being more 
readily available to the life forms.
Several studies have been carried out on the distri­
bution of total phosphorous in the Cochin Backwaters. Murty 
and Veerayya (1972) investigated the distribution of total 
phosphorous of the sediments in the Vembanad lake. Their 
analysis revealed that the phosphorous content varies from 
37 1 f 6 7 9 ^ /g *  with an average value of 416 ^ / g .  They
recorded that the amount of phosphorous showed a decreasing 
trend from the estuarine region to the freshwater zone. 
Sankaranarayanan and Panampunnayil (1979) also studied the total 
phosphorous in the Cochin Backwaters. Their findings showed 
that the total phosphorous ranged from 900^ug/g to 2,400^ag/g* 
They observed a lower value during the monsoon months. Qasim 
and Sankaranarayanan (1972) reported that total phosphorous in 
the detritus of Cochin Backwaters ranged from 1300 ^ / g  to
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In the present investigation, the total $^osphoroxi8 
values ranged from 71 yug/g to 2 ,6 4 5  ^ / g  dxiring the premonsoon 
and 65 to 2 ,5 4 8 yag/g in monsoon. These values agree with
those reported by Sankaranarayanan and Panampunnayil ( 19 7 9 ) 
and Murty and Veerayya (1972) with some marginal variations.
The maximum value of total phosphorous reported by Miirty and 
Veerayya (1972) were low When compared to that recorded in the 
present study. The variability might be explained to the 
textural nature of the sediments and also that their (Murty 
& Veerayya) seunpling stations were located in the open waters 
of the Vembanad lake* Also, they did not include the northern 
sector of the backwater in their study. In the present study 
most of the samples were from shallow ponds adjoining the 
backwater system. Both Murty and Veerayya (1972) and 
Sankaranarayanan and Panampunnayil (1979) observed a decline 
in the phosphorous values from the estuarine to the freshwater 
zone and this agrees with the present findings. Sankaranarayanan 
and Panampunnayil (1979) recorded lower phosphorous values 
during the monsoon, and increased values in the following 
months. lower values were also observed during monsoon in the 
present work; a decline in the average value of total phosphorous 
from 1 ,118.78^ag/g during premonsoon to 871 during monsoon
was observed. The lower values recorded during the monsoon
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period might be due to the leaching of phosphorous both from 
interstitial and adsorbed forms from mud to the overlying 
water. Freshwater dominates the system during this period and 
during hlgh-tide saline waters enter the estuary in the form 
of a tounge beneath the overlying freshwater and intense 
circulation during the period might be helping the release of 
phosphates from the mud to the overlying water*
Seeralathan and Seethajramaswamy ( 1 9 7 9 ) investigated the 
total phosphoroxos distribution in the modern deltaic sediments 
of Cauvery Elver and reported that the marine zone had higher 
concentrations of phosphorous and the river channel the least. 
Hart ^  ( 1 9 7 6 ) analysed the total phosphorous of sediments 
in lake Mulwala, Australia, which is a fresh water lake. They 
observed a range of total phosphorous from 550 to 1,188 
Similar values were recorded in the present work in the fresh­
water zones of the Cochin Backwaters.
Total phosphorous showed highly significant correlation 
with silt and clay and an inverse relationship with sand 
contents of the soil. Soils containing higher proportions of 
the finer fractions of the soil registered high phosphorous 
values while those containing more sand contained comparatively 
lower concentrations of phosphorous. Murty and Veerayya (1972) 
also observed that the fine grained sediments viz.» silty clays
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and clayey silts bad hi^er concentrations of phosphoroias 
than those in the sands and silty ecLnds.
In the present study, the total phosphorous showed a 
definite pattern of distribution with the northeim and north 
central regions of the Cochin Backwaters recording higher 
concentration of phosphorous, while the middle and southern 
zones showed relatively lower values. Gopinathan ^  ( 1982) 
reported that the north central regions of the Cochin Back­
waters were the most productive areas in the system* The high 
production in this zone could be explained by the fact that 
the area has two openings to the sea at a short distsmce 
enabling greater water circulation and nutrient exchange. The 
river Periyar deposits a large amount of silt and clay in this 
region and this also attributes to the high nutrient content 
and hi£^er fertility in the zone.
pH of the soil is dependant on various factors. If mud 
layers are not well aerated, oxygen supply falls short, 
decomposition of organic matter becomes slow and its by products 
are reduced or partially oxidized compotinds such as CH^
and short chain fatty acids. These make the soils acidic 
leading to decreased rate of bacterial action, ultimately to 
less productivity, of soil influences inorganic transport­
ation of soluble phosphate and control the adsorption and
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release of lone of essential nutrients at soil water interface,
Banerjea (1967) groxrped freshwater pond soils into five 
categories according to their (1 ) less than 5*5 (11) 5-5 to 
6 .5  ( l i i )  6 .5  to 7 .5  (iv ) 7 .5  to 8-5 and (v) greater than 8 .5 . 
He also observed that most of the ponds with pH less than 5*5 
were \inprodi2ctive. Ponds with pH near netrtral were highly 
productive. No production was met with in high alkaline 
condition (pH greater than 8 .5 ) .  According to him, the optimal 
soil reaction was found in the pH range of 6 .5  to 7«5t though 
they might not be considered very rigorously with respect to 
production. In the present study, wet pH values ranged from 
6 .2  to 8 .0  in the premonsoon while during monsoon.the range 
was from 6 .0  to 8 .4 *  ^^e areas thus could be categorised as 
belonging to the productive area as classified by Banerjea 
(1 9 6 7 ).
The dry pH of the soil showed an acidic trend during 
both the periods, with lower values being recorded during 
monsoon. F ilial et a l . (1983) recording low pH (3 .0  to 7 .0 )  
in the Vembanad lake reported on the effect of pH variation 
noted in the waters and subsequent mortality of the fauna 
especially the clams, Yillorita s£. They explained that the 
low pH values were due to the leaching out of acid waters from
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the paddy fields and adjacent canals with the onset of monsoon 
after a severe summer season* In the present investigation, 
low pH values were obtained in majority of the stations in the 
southeni regions, and this might be related to the same 
phenomenon as explained by Pillai ^  (1983). The dry pH 
during the monsoon period was not very low in the same area 
because flushing of the area by rainwater might have removed 
a substantial amount of acidity from the soil.
The dry pH during premonsoon showed significant relation­
ship with wet pH during monsoon. During monsoon lower wet pH 
values were recorded due to the release of acidity by the 
rainwater. When distilled water is added to the sun dried 
premonsoon soil samples, the acidity is released which lowers 
the pH which is similar to the wet pH values during monsoon 
where rainwater releases the acidity, if present, in the dry 
8 oil«
The application of lime to improve the fertility as well 
as production is already being practiced by the traditional 
farmers and aq.uaculturlsts In this region. However, the 
dozage applied is not based on any scientific data or esti­
mation. Recently, due to the increasing awareness of the 
benefits of liming, scientifically estimated dozages have been 
recommended by many workers. A dozage of 1 to 2 tons/ha of
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quicJclijtte for acidic eoile and 1 . 8  to 2 . 2  tons/lia of the same 
for stagnant water pond solle have been recojiunended by Yap 
^  (1979). Trlpathi (1985) haa advocated the use for 200 
to 800 kg/ha of <].uickliBie for combating acidity and improving 
the bottom soil in the freshwater regime.
Usually the estimation of lime requirement for fish 
ponds are based on the exchange acidity of the soils. However, 
in some tropical areas like The Phillipines, India etc., the 
soil is the brackishwater regions are prevalent with acid 
sulfate. In such type of soils in order to correctly estimate 
lime requirement, the potential acidity of the soil Is also 
to be emalysed in addition to the estimation by exchange 
acidity. The total lime requirement is calculated by adding 
both values together. In some of the cultxire fields in the 
present study, the soil is reported to be having the acid 
sulfate problem.
BaxBhlsel (1975) calculated the lime requirement for 
acid eulfate soils of brackishwater pond soils in Phillipines 
as ranging from 0.1 to 11.3 tons of CaCO^^^ for soils of• pH 
7 . 8  and 3 . 2  respectively on the basis of exchange acidity.
In the present work, the estimated lime requirement by this 
method varied from 0.112 to 5.6 tons/ha during premonsoon 
when pH ranged from 6.2 to 8.0 and from zero to 3.52 tons of
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CaCO^/hai in monsoon when the pH was 8 and 6 respectively.
Lime requirement calculated by potential acidity method 
gave high values during both the seasons* It ranged from 
10.63 to 95-73 tons/ha in premonsoon and from 1 7 . 0 1  to 89.34 
tons/ha in monsoon. The ^  was well within the normal range 
in all the stations (6 .0  to 8 .4 ) .  Bamhisel (1975) calculated 
lime requirement by the potential acidity method upto 56 tons/h*
in ponds with pH 7 and 47 tons of CaCO,/ha in those with pH3
7 .8 . The average values of lime needed, calculated during the 
present investigation by the same method were similar to the 
values obtained by Bamhisel (1975). He reported the paradox 
between the pH and potential acidity and observed that samples 
from submerged or recently drained areas had high pH values 
but their potential acidity was high and often these high pH 
values were misleading. This might explain the h i ^  potential 
acidity observed in the samples with normal pH during the 
present studies.
Potter (1977) opined that acid sulfate soils require 
relatively larger quantity of lime application, between 20 to 
100 tons/ha due to their low pH values. As the pH in most of 
the stations recorded in the present study was above 6 .0 , and 
the estimated lime requirement as indicated above was 10 to 
95 tons/ha and this agrees with the estimate of Potter (1977).
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Statistical analysis showed no significant correlation 
between and lime requirement* This might be due to the 
collection of submerged mud samples during both the seaaons. 
However, during monsoon season dry and lime requirement 
showed some correlation* This might be due to flooding and 
leaching of the soil acidity during the heavy rains.
The data presented here are from results of limited 
experiments carried out in the laboratory and estimated by 
considering the values obtained by exchange and potential 
acidity together (Table 4 ), the quantity obtained appears to be 
high* Hence it is suggested that field trials may be carried 
out to confirm the rates of lime application recommended for 
this region*
Prom the present investigation it was observed that ponds 
with soil predominantly composed of the finer fragments of silt 
and clay were nutrient rich and hence ranks high in fertility*
In soils with higher proportion of sand, these nutrients were 
found to leach out particularly during the heavy rains and 
correspondingly reducing the soil fertility which in turn 
affects the productivity of the area. The seasonal and perennial 
fields located in the north central part of the Cochin Back­
waters, between the Cochin bar mouth and Azhlkode, had higher 
contents of the exchangeable cations and phosphorous In their
soils . The soil In this region also had predominance of silt 
and clay, further this region was supplied with regular tidal 
waters from the two bar mouths. These features contributed 
to the relatively higher production rates of this area. This 
observation confirms the earlier findings of Gopinathan ^  
(1982 ).
Since the present Investigations were time bound as well 
as of a short term nature. It was not possible to cover all 
the aspects of soil studies. Some of the parameters like 
nitrogen and trace metals in the soil could not be estimated 
due to shortage of time. However, the information obtained and 
the data collected revealed the basic nature of the soil 
characteristics and also the soil fertility of a large area in 
Cochin Backwaters* The req.uired information for the calculation 
of lime requirement, which will help considerably to aisgment 
the overall production in the ecosystem is also made available. 
The information presented will be of Immense use In future 
for the Government agencies as well as for the individual 
farmers who will be interested In taking up bracklshwater 
aquaculture in the region.
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SUMMARY
1* This study deals with a comparative account of the soil 
properties from the aq.-uacultTaral systems located in the 
periphery of the Cochin Backwaters.
2. Soil samples were collected from seasonal euid perennial
culture systems located in the backwater area covering
a distance of about 75 km. north-south, during premonsoon 
and monsoon periods.
3- Soil samples were sun-dried and analysed for exchangeable
sodium, potassium and calcium; total phosphorous. The 
grain size distribution were also estimated. Wet pH was 
determined on the same day of sampling and dry pH recorded 
prior to analysis. Lime requirement based on exchange 
acidity as well as potential acidity were estimated and 
finally the total lime requirement was calculated.
4 . The exchangeable cations showed wide variation in space 
and time. The cations registered lower values during the 
monsoon period. The variation in the concentration of 
exchangeable cations have been explained due to the soil 
texture and the rate of water exchange in the culture 
systems.
5. Total phosphorous also showed wide variation in concentra­
tion with a definite pattern of distribution, with the
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northern and north central regions recording higher 
values.
6 . Both wet and dry pH showed an acidic trend in the monsoon 
than in the premoneoon. This is attributed to the release 
of acidity possibly due to the flushing by rainwater.
7* Grain size analysis revealed three textural classes.
Clayey sand, silty sand and sandy silt. Significant 
correlations were obtained between the grain size and the 
concentration of exchangeable cation as well as total 
phosphorous•
8 .  Liiae requirement calculated from potential acidity  showed 
h i ^  values although the pH values were moderate. This
is explained due to the reason that samples collected from 
areas submerged -under water showed high pH values though 
their potential acidity was high.
9 , It was fooind that the northern and north central regions 
of the bacicwaters ranked higher in fertility. This is 
explained due to the predominance of the fine grained 
fractions of the sediment in the soil. The intense 
circulation of water by tidal action, brought through 
the two bar mouths situated at a short distance and the 
deposition of silt , clay and nutrients by the Eiver
75
Periyar, adds to the fertility of this area.
10. The fertility etatiis of this system is comparable to 
those studied in other parts of India as well as in 
the south east Asian Countries, where aquaculture 
operations are in vogue.
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